The argument that environmental degradation is an important driving force of migration has experienced a strong revival in the climate change context. While various studies predict large environmental migration flows due to climate change and other environmental stressors, the ex post empirical evidence for such migration is very patchy at best. We contribute to the emerging empirical literature in this field by focusing on the micro-level. We examine how and why different types of environmental conditions may lead to internal migration. The analysis relies on survey data for both migrants and non-migrants in 16 countries. The results suggest that both sudden-onset and long term environmental events, such as floods and droughts, have no significant effect on internal migration. In contrast, individual perceptions of negative environmental conditions can motivate people to move. We also find that people tend to respond to long-term environmental problems with adaptation, rather than migration. These findings indicate that different types of environmental problems -notably, natural hazards vs. gradual environmental degradation -can create different incentives for people to migrate or stay.
Introduction
The debate on whether and how environmental degradation impairs human security and ultimately forces people to leave their homes and migrate to places more conducive to their wellbeing has experienced a strong revival in the climate change context. The Intergovernmental Panel on Climate Change (IPCC 2007) , the Stern Review (2006), and many more specific studies demonstrate that climate change is taking place, that human activity has clearly contributed to the phenomenon, and that it will have far reaching repercussions for ecosystems and humans. Many academics and policy-makers also argue that climate change is likely to cause mass population dislocations (migration) due to extreme weather events, such as stronger and more frequent storms, floods 2 , and droughts, as well as longer-term, gradual problems, such as desertification 3 and rising sea levels 4 . Several studies estimate that these environmental events and processes could force 200 million to 1 billion people to move permanently or temporarily within their own countries or internationally (Laczko and Aghazarm 2009; Myers 1997 Myers , 2002 .
Most of the existing scientific literature on 'environmental migration' 5 regards the environmentmigration nexus as self-evident. After all weather-related events have led to considerable internal and international migration flows in various instances. In the 1930s, an estimated 2.5 million
North Americans left the Great Plains because of droughts and dust storms (Reuveny 2008) . In 1960-1980, almost 10 million people migrated in the Sub-Saharan African region because of droughts (El Hinnawi 1985; Jacobson 1989) . Since the 1970s approximately 600,000 people in Bangladesh and 4 million in the Philippines were forced to move because of storms, floods, droughts, and landslides (Reuveny 2008; Reuveny and Peterson 2008) . Hurricane Katrina 2 The International Disaster Database EM-DAT puts the number of people affected by floods at 99 million per year in the time-period 2000 -2008 . 3 The IPCC projects that more than one billion people around the world will be affected by increased water shortages by the 2050s (IPCC, "Summary for Policymakers", p10). 4 The IPCC (2007) lists estimates of global mean sea-level rise of between 0.18 and 0.59 meters by 2090-2099 and 0.3 to 0.8 meters by the year 2300. According to some studies 400 to 600 million people living in low elevation coastal areas, such as some islands (e.g. Tuvalu and Maldives), and in major river deltas and estuaries in East and South Asia would be affected by sea-level rise (MacGranahan et al, 2007; Antholl et al., 2006) . 5 We use the term "environmental migration" as relating to persons who are displaced primarily for environmental reasons. We prefer the term "environmental migration" over the term "environmental refugees" because the latter term narrower and refers primarily to situations where people are facing extremely hostile environmental conditions that leave them with no choice but to leave. resulted in 1.5 million people being displaced temporarily and 500,000 permanently in New
Orleans and surrounding areas (Grier 2005) .
Unfortunately, such case specific pieces of evidence do not allow for more general conclusions with respect to whether and how environmental degradation affects migration. The environmentmigration relationship may well be conditional on various individual, socio-economic, and political factors. Interestingly, a direct relationship between environmental degradation and migration is proposed primarily by environmental policy specialists. Other academic fields of inquiry do not regard environmental factors as key determinants of migration. Neoclassical economists, for example, emphasize either that potential migrants calculate their expected earnings in their place of origin in comparison to various places of destination (Sjaastad 1962; Todaro 1969) ; or that migration decisions are taken by the household as a whole as part of its survival strategy. As to the latter approach, migration of a household member is seen as a way for the household to minimize risks and maximize its chances of survival under conditions of economic uncertainty by diversifying its sources of income Stark and Bloom 1985) .
Sociologists highlight migrant networks and a 'culture of migration' (Massey 1990a; Kandel and Massey 2002) . Political scientists stress political instability and armed violence as driving forces of migration (Moore and Shellman 2004; Davenport et al. 2003) . To the extent environmental factors are considered in these approaches, they are regarded as either 'stressors' or 'locational characteristics' that provide physical amenities or disamenities influencing the likelihood of migration (Wolpert 1966; Speare 1974; Knapp and Graves 1989) .
Empirically, the existing literature on the environment-migration nexus is rather fragmentary. It relies mainly on case studies (Mortreux and Barnett 2009; Henry et al. 2004; Ezra, and Kiros 2001; Mese-Hausken 2000) . These studies offer interesting insights into the complex relationship between environmental conditions and migration, suggesting that migration dynamics are context specific and thus findings are hard to generalize (Hunter 2005) . Most of these studies focus on migrants (e.g., Doevenspeck 2011 , van der Geest 2009 Gray 2008 The next section reviews the relevant literature. We then develop our theoretical argument. In the subsequent section we discuss the empirical approach and present the results. The final section summarizes the findings and discusses their policy implications.
What Do We Know?
Environmental problems can contribute to migration by pushing people out of affected areas.
Migration may thus be driven by environmental changes that come about suddenly, such as natural hazards; or by gradual, slow-onset environmental problems. For example, extreme weather events and natural disasters -such as storms, hurricanes, or floods -can act as an immediate push factor. In contrast, gradual, long-term environmental changes -such as desertification, land degradation, or sea level rise -can lead to a decline in living standards that increases the costs of staying versus leaving. Migration can be a survival strategy for people confronting environmental disasters or problems (Hugo 1996) . But it is not the only strategy. Reuveny (2007: 657) , for instance, argues that "people can adapt to environmental problem in three ways: stay in place and do nothing, accepting the costs; stay in place and mitigate the changes; or leave affected areas".
Empirical research shows that migration can in fact be a response to environmental problems. Meze-Hausken (2000) , for example, reports that migration in dry land areas of Ethiopia was undertaken by families during times of drought after other options, such as reducing food 6 In this paper we focus on internal migration. There is a strong consensus in the scientific literature that most migration flows associated with environmental factors are internal. International migration may occur, but this is the exception rather than the rule (Raleigh et al 2008) .
consumption and selling off possessions, were exhausted. However, as discussed in the remainder of this section, most existing studies are very location-and context-specific, and they do not offer insights into how different types of environmental changes could affect migration.
Most research addressing environmental migration has focused on natural disasters, such as floods, storms, cyclones, tornados, and volcanic eruptions. It assumes that the associated migration patterns were forced, not voluntary. That is, migrants had no other choice but to leave, even if they were highly reluctant to do so. Existing research also shows that such sudden environmental events lead overwhelmingly to short term, internal displacements (Myers et al. 2008; Raleigh et al. 2008) . The victims of such events tend to either stay where they live, or to move only within a short distance; many then return and reconstruct their homes in the affected areas (Raleigh et al. 2008) . Although it seems plausible that rapid onset environmental phenomena lead to mostly temporary displacement, it is not obvious why this should be the case.
The reason is that some studies show that a high frequency of natural disasters eventually encourage people to move away from their homes permanently (Afifi and Warner 2008; Morrisey 2008 On the other hand, several studies conclude that droughts have had only a minor impact on migration. Findley (1994) reports that in Mali during 1983-1985 droughts produced short-term internal migration of women and children. But overall migration declined. The author interprets this finding as suggesting that the drought contributed to a lack of financial means for migration. Henry et al. (2003) note that including environmental variables (such as reduced rainfall and land degradation) alongside other potential determinants improved the prediction of internal migration in Burkina Faso. But the estimated effect of these environmental variables was weaker than the effect of socio-demographic variables. In a subsequent study Henry et al. (2004) observe that in Burkina Faso people from the drier regions were less likely than those from wetter areas to migrate. Gray (2009) contributed to civil unrest. The EACH-FOR project also concludes that Ghana and Sub-Saharan Africa have been and will be a prime locus of environmental migration.
This brief review of the literature 8 shows that environmental changes can act as a driver of migration. It also shows, however, that existing research suffers from at least three shortcomings.
First, virtually all studies we know of focus on one specific country and examine one particular The third problem is that most studies using micro-level data, usually collected through surveys of individuals or households, concentrate on those persons who have migrated. By ignoring those who have not they are likely to suffer from selection bias because they do not allow for any conclusions with respect to persons who, despite environmental degradation, decided not to migrate.
In this paper we seek to address these three shortcomings just discussed. We focus both on shortterm and long-term "actual" environmental problems as well as on individual perceptions of environmental changes and how they may affect migration. After developing a theoretical argument to this end in the next section we then test this argument using new data for multiple (16) countries. This data includes information both on individuals that did migrate and individuals who did not.
Theory
The existing literature on the environment-migration nexus is dominated by neo-Malthusian and push-pull 9 theories. The prevailing argument holds that environmental changes deprive people of their livelihood and force them to migrate to better environments, usually permanently. This argument identifies a direct, unidirectional, causal relationship between environmental changes and migration. It does not take into account that people may adapt to environmental changes.
Moreover, it does not account for the possibility that environmental changes may be only one of the factors determining whether or not people migrate. In other words, they blend out that migration is just one of several possible responses, and that adaptation to environmental changes is a possible alternative (Adger et al. 2007 ).
Several authors (e.g. Lonergan 1998; Castles 2002) have noted this problem and have argued that environmental conditions are part of a complex pattern of causality. They argue that environmental, economic, social, and political factors are interrelated and need to be examined jointly in order to understand the role environmental factors play in population movements. 10 A recent body of literature has thus considered various economic, social, demographic, environmental, and other factors that may influence migration. However, as of now, there is no single, coherent theory of migration, but rather a fragmented set of theories, often segmented by disciplinary academic boundaries.
Theoretical issues concerning determinants of migration are commonly explored at either the macro or the micro level. In economics, neoclassical macro-economists focus on differentials in wages and employment conditions between locations, and on migration costs. 11 According to this 9 A push factor is a flaw or distress that drives a person away from a given place, while a pull factor is a benefit that attracts people to a location (Lee 1966) . 10 Suhrke (1994) classifies these two approaches as minimalist (environmental degradation as a direct cause of migration) and maximalist (environmental change as a contextual variable that can contribute to migration). 11 Although this neoclassical economics argument was developed to explain international migration it can easily apply to internal migration, such as migration from rural to rural and rural to urban areas.
approach, individuals migrate from lower-wage to the higher-wage locations to increase their current and future incomes. Consistent with this approach, neoclassical micro-economists regard migration as a rational decision by individuals to maximize their income (e.g. Sjaastad 1962; Todaro 1969; Borjas 1989) . That is, prospective migrants will decide to migrate if they can expect a positive net return from movement (Sjaastad 1962; Massey et al. 1993 ).
The 'new economics of migration' approach views migration as a household (rather than an individual) strategy. Migration serves to minimize family income risks or to overcome capital constraints on production activities of the family (e.g. Stark and Bloom 1985; Stark 1984; Stark and Levhari 1982) . That is, migration decisions are taken by the family or household, not by the prospective migrant alone. The household aims at maximizing expected income collectively, minimizing economic risks, and reducing barriers associated with various market failures. By diversifying the allocation of its resources (i.e., family labor) the household seeks to control risks to its economic wellbeing. Temporary or long-term migration of members of a household is perceived as a strategy for diversifying sources of income and thus maximizing its chances of survival in an uncertain world. In the event local economic conditions do not allow the household to generate sufficient income, it can still rely on migrant remittances for support (Massey et al. 1993 ).
12
Environmental conditions have not been systematically considered in such arguments, but are easy to add in the form of push and pull factors. One option for doing so is to draw on the 'stressthreshold' model (Wolpert 1966) . From the perspective of this model, environmental problems, such as floods, droughts, desertification, etc., can act as 'stressors' that bring about 'strains' and motivate individuals to consider migration as a response. 13 That is, when environmental 'stressors' put an individual's wellbeing at risk, decrease her personal income from production, and/or lower her opportunity for future employment then she is more likely to consider migrating to places with better environmental attributes and better income opportunities. 14 Accordingly, 12 Adger et al. (2002) report that remittances from out-migrants were an important factor in maintaining the social resilience of coastal communities in Vietnam. Afolayan and Adelekan (1999) and Ezra (2001) report that similar practices have been used by communities in Western Sudan and Northern Ethiopia. 13 Air pollution, congestion, and crime are often mentioned as important factors affecting individuals' decision to reallocate from city centers to suburbs, and from metropolitan areas to small cities. 14 Barrios et al. (2006) , using cross-sectional data for 78 countries over a 30-years period, report that rainfall shortages increased rural out-migration only in Sub-Saharan Africa, but not elsewhere in the developing world.
environmental stress should be more paramount in settings where people are more directly dependent on the natural environment for their livelihood. In such settings, environmental stress is more likely to directly threaten individuals' survival.
However, while the presence of environmental stressors, as measured in an objective manner, may well promote migration, we expect such stressors to be neither a necessary nor a sufficient condition for migration. The reason is that individuals are likely to first try and abate the respective environmental problem and/or adapt to it before they consider migration. In other words, individuals are unlikely to opt for migration as their first best strategy when exposed to environmental degradation. Rather, they will first try and reduce their personal exposure and vulnerability to the problem and, if the nature of the collective action problem permits, also contribute to reducing the problem as such. They will do so because migration is costly, for instance because of personal bonds individuals have developed over their lives with their home location and its people. Consequently, an individual will consider migration when environmental degradation has a major impact on her personal wellbeing and her efforts to adapt to and/or mitigate this impact are failing. That is, an individual is more likely to consider migration after she has experienced a 'threshold of dissatisfaction' with environmental degradation in her present location (Speare 1974) . The empirical implication of this theoretical argument is that an individual's relative level of (dis-)satisfaction with the prevailing environmental conditions at her current location influences her decision on whether to migrate or stay. Greater dissatisfaction increases the probability that she will decide to migrate.
As noted in the literature review section, we should not expect migration to be the automatic response to any kind of environmental problem. Migration decisions are likely to be contextspecific. This implies not only that we must consider drivers of migration other than environmental problems alongside the latter. It also implies that we should consider the specific characteristics of environmental degradation. We propose that these characteristics should not be regarded in a one-dimensional form, that is, in the sense of bigger or smaller environmental problems. We also need to pay attention to their temporal characteristics. Hunter (2005) stresses that perceptions of risk act as a 'mediating factor' between environmental stress and migration. 19 A recent study based on micro-level data for a sample of African farmers shows that higher annual temperatures are associated with positive variation of net revenues for livestock owners and negative variation of net revenues from crop production (CEEPA 2008).
perspectives on environmental problems are almost by definition relative, influenced by the ability of an individual to cope with and adapt to environmental problems. The range of adaptive/copying options varies from one individual to the next, depending for example on the work skills, financial assets and other attributes of the individual such as age, sex, health and education. That is, perceptions of environmental degradation depend not only on the respective individual's exposure to a particular environmental problem, but also on her adaptive capacity.
The empirical implication of this theoretical argument is that negative perceptions of environmental conditions (degradation) motivate individuals to migrate because they affect their relative level of satisfaction with the current location.

Empirical Analysis
To test the arguments developed above we use data collected by the European research program
EACH-FOR (Environmental Change and Forced Migration Scenarios). The EACH-FOR
program offers micro-level data for migrants and non-migrants. This data allows us to examine whether environmental factors affect migration choices, both of individuals who migrated and individuals who might have suffered from environmental degradation but did not migrate. Most research on the environmental migration issue to date examines migrants only and thus selects on the dependent variable. The EACH-FOR data includes information on internally displaced people as well as non-migrants in 16 countries. 20 This geographic coverage improves on existing studies, most of which focus on one specific country or region. Moreover, for our main independent variable, environmental degradation, we use exogenous data on environmental shocks and degradation as well as survey information on individuals' perception of environmental degradation. This approach allows us to differentiate between 'real' environmental problems and perceived environmental degradation.
The EACH-FOR project focused on 23 case study areas in developing countries or transition economies ( Figure 1 ). The reason is that the population of these countries is presumably more vulnerable to various facets of environmental degradation and extreme weather events. The case studies were carried out by members of the EACH-FOR project team and local researchers familiar with the respective local language and customs (Afifi and Warner 2008 . We also include a dummy variable that takes on the value of 1 if a person (migrant or not) responds that environmental problems were present at either her/his place of origin (migrants) or at her/his current location (non-migrants).
This variable measures a respondent's perception of environmental problems. Following recent explanatory models of migration 27 , we also include a dummy variable capturing whether another family member migrated before and whether a person comes from a rural background. We control for gender and age. Moreover, we control for how long a respondent lived (in months) at the previous location. For non-migrants, the value of this variable is equal to their age in months. Table 1 provides an overview of variables in our analysis. Table 2 shows the descriptive statistics.
23 This variable takes on the value 1 if the respondent mentioned one or more of the following environmental problems: water salinity, poor ground water quality, poor water quality, air pollution, noise, water pollution, poor soil quality, soil eradication, environmental degradation, soil degradation, rise of sewage water level, sand creeping into river, jacinth flower in river, water erosion, river bank erosion, land overusage, land degradation, land pollution, industrial pollution, underground waters, sinking of land, decreasing land fertility, nuclear range, rangeland degradation, mine pollution, poor environmental conditions, coastal erosion, soil salinity, garbage, radiation, waste, deforestation, erosion. 24 This variable takes on the value 1 if the respondent mentioned one or more of the following environmental problems: declining harvest, decreasing fish production, low productivity, food scarcity, declining yields, not enough crops, not enough food, food shortage, lack of service, not self sufficient, no farmland, lack of electricity, lack of electricity, lack of medical care, lack of animal fodder, shortage of land, low productivity, lack of vitamins, low crop production, poor food quality, poor sanitation, shortage of land, lack of housing, high living costs. 25 This variable takes on the value 1 if the respondent mentioned one or more of the following environmental problems: water shortage, more droughts, delayed rain, declining rain, declining water level, rain shortage. 26 This variable takes on the value 1 if the respondent mentioned one or more of the following environmental problems: sea level rising, more rain, coastal change, insect, insect attacks, extreme heat and cold, floodings, fear of earthquakes, climate change, wind shortage, land slides, frequent rainfall, hurricanes, more rain, natural hazards, snow disaster. 27 These models emphasize that migration decisions are taken in a broader socio-economic context. Social relationships and networks play an important role in individual decisions to migrate. According to Massey et al (1993:448) , "Network connections constitute a form of social capital that people can draw upon to gain access to foreign employment." These networks can help increase the likelihood of migration by reducing the costs and risks and by raising expected income. While the costs of migration are fairly high for the first migrant heading to a new destination, the potential costs for relatives and friends who follow decrease sharply once the first migrant has settled in her/his destination. Consequently, once migration networks are established, it becomes easier for others members of the household or the community of the individual migrant to migrate as well (Massey 1990a,b) .
Since our dependent variable is binary we use logistic regression models to analyze how environmental variables relate to a respondent's decision to migrate. Table 3 shows the results of three logistic regression models. Model 1 is the baseline model, model 2 controls for the time the respondent has spent at her/his previous location, and model 3 disaggregates environmental problems respondents mentioned in the surveys. Table 3 about here In all three models, we find that "real" natural disasters in the form of floods and droughts do not have a significant effect on migration decisions. The regression coefficients on the two variables of interest do not reach standard significance levels. This result is consistent with the arguments set forth in the previous section of the paper, where we claimed that: (a) people tend to treat short-term natural disasters, such as floods, as transitory and do not migrate following such events; and (b) people are unlikely to migrate in response to longer-term threats, such as droughts. The latter claim is also supported by the negative and statistically significant effect of the variable measuring whether a person faces/faced a long-term environmental threat where she/he lives or lived. When people face a long-term environmental threat they do not seem to opt for migration to deal with this problem. Rather, they seem to stay and try to adapt.
This result appears inconsistent with the result that respondents perceiving major environmental problems where they previously lived are more likely to migrate: the effect of the 'environmental perception' variable on the choice to migrate is positive and significant. When we disaggregate the variable capturing long-term environmental problems we obtain some very interesting results (model 3 in Table 3 ). Long-term economic, pollution, and natural hazard problems are not associated with migration, suggesting that people seek to adapt instead of opting for migration.
The exception is long-term drought, which appears to motivate people to migrate. This finding is very interesting. It suggests that the variable measuring "real" droughts does not seem to capture the factors that make droughts a threat to people's livelihood and lead them to migrate.
Concerning the control variables, we find that female respondents, older respondents, and respondents who come from a rural area are less likely to migrate. In contrast, if a family member has already migrated the average survey respondent is more likely to opt for migration, too. This finding offers support for the network perspective on migration.
The findings discussed here are independent of whether we control for how long a person has lived in the past (or current) location (model 2 in Table 3 ). However, as one should expect, the longer a person has lived at a given place, the less likely she/he is to migrate. This result supports the argument that individuals are tied to a particular location by lifestyle, bonds to other people, culture, social traditions and identity.
Considering interaction effects allows for an additional, even more direct test of our key argument. This argument holds that long-term environmental problems are less likely to lead to migration because people are socially bonded to their home locations. This means that they will, first and foremost, try to adapt. Only when adaptation fails will they consider migration. One empirically testable implication of this argument is that the effect of long-term environmental person has lived at a given location only for a short time, the effect of the variable measuring 'long-term environmental problems' on the decision to migrate is no longer significant. This result is consistent with the argument that adaptation to long-term environmental problems is more likely when people experience stronger social bonds at their current location.
Similarly, Figure 3 shows that 'perceived environmental problems' significantly increase the likelihood of migration only if the respondent has lived for a short time at the current location. If she/he has lived at the current location for a long time, which presumably is associated with stronger social bonds, migration becomes less likely even when the respondent perceives environmental problems.
Pooling all observations for the analysis, as we have done, does not take into account unit heterogeneity at the country level. Because we are dealing with internal migration, we consider this strategy appropriate. Focusing on internal migration implies that all factors at the country level, such as political system characteristics, national income, economic openness, political stability, levels of armed violence, etc., are constant and cannot explain a person's decision to migrate. However, one problem might be that individuals' general propensity to migrate differs from country to country. To test the robustness of our results we therefore use a conditional (fixed-effects) logit regression model. Table 5 about here The results (Table 5) show that our main conclusions do not change when we introduce fixed country effects. Both variables measuring "real" environmental stressors, namely, floods and droughts, are not significantly associated with decisions to migrate. Perceived environmental problems significantly increase individuals' propensity to migrate, whereas long-term environmental problems are associated with a higher likelihood of adaptation.
In summary, our results indicate that it is important to consider the specific context in which environmental stressors could, in principle, influence decision to migrate. They show that environmental problems do not necessarily force people to migrate. The prevailing option, when facing environmental stress, is adaptation. Only when people perceive environmental threats as strong and do not have close ties to their current location are they willing to accept the costs of migration.
Conclusion
Does environmental degradation cause migration? While research on the environment-migration nexus has been conducted for some time, the issue has become highly salient in the context of the climate change debate. Various scientific studies and also many statements by policy-makers suggest that one major consequence of climate change could be that environmental events and processes force millions of people to move permanently or temporarily within their own countries or internationally. Migration on such a massive scale could lead to additional adverse outcomes, such as social unrest or even armed conflict (Laczko and Aghazarm 2009; Myers 1997 Myers , 2002 .
Unfortunately, both the theoretical and empirical foundations for such claims are rather thin. We contribute to addressing this problem by developing a theoretical argument that considers different types of environmental stressors and their likely effects on individuals' choices to migrate or stay. Empirically, our research improves on existing studies in at least three ways: we take into account "real" as well as perceived environmental degradation, and we consider both sudden-onset and long term environmental problems; we use survey data for persons who migrated and for those who decided to stay; and we use data for a larger set of countries than prior research on the issue.
The results show that "real" sudden-onset as well as longer-term environmental problems, such as floods and droughts, are not significantly associated with migration choices. In contrast, 
